Rat dentin contains a major sialic acid-rich glppmteh, DSP, with an overall composition similar to that of bone sialoproteins but whose biological role in dentinogenesis is un-DSP and four immunohistochemical methods of detection, we studied the all and tissue localization of DSP and the time course of its appearance during odontoblast differentiation. DSP Fist appeared within young odontoblasts concomitant with early d o n of pre-dentin matrix and before the onset of mineralization but was absent in pre-odontoblasts. DSP immunostaining also localized within secretory odontoblasts and was intense in odontoblastic process. Early pre-dentin stained positive for DSP, in contrast to more mature pre-dentin, where immunoreactivity was less intense known. using polydonal affinity-putifed antibodies to rat
Introduction
During dentinogenesis, terminally differentiated odontoblasts derived from the cranial neural crest elaborate a Type 1 collagen-enriched organic matrix, pre-dentin, that subsequently mineralizes at a site distal to the cell bodies. Odontoblasts also secrete noncollagenous proteins (NCPs) that are rapidly "ported to the mineralization front and become incorporated into the calcifying matrix. The NCPs of dentin have been extensively studied over the last two decades with the overall aim of understanding their role in dentinogenesis. Although the physiological role of these extracellular matrix (ECM) macromolecules remains unclear, it is widely believed that they play a role in controlling the site and rate of the mineralization process (Linde, 1989; Fisher and Termine, 1985; Veis, 1985) . Furthermore, it is well established that the temporal expression of ECM proteins by cells of the odontoblastic lineage is related to specific stages of differentiation  Supported by USPHS Grants DE08955 (RD) and DE05092 (WTB) and more restricted to odontoblastic processes. In the zone of mineralized dentin matrix, a moderate and uniform staining pattern was evident. Intense immunostaining was also seen within the cells and matrix of dental pulp during dentinogenesis. Other cells and tissues within the tooth organ and those surrounding it were non-reactive. These fmdings suggest that DSP is developmentally expressed in c e b of the odontoblastic lineage and may be a biochemical marker of odontoblastic activity. (JHistochem Cytochem 40:35+366,
1992)
KEY WORDS: Dentin matrix proteins; Dentin sialoprotein; Tooth germ development; Dentinogenesis; Rat; Odontoblasts; Odontoblastic processes; Dental pulp; Protein secretion; Immunohistochemistry. Rahima et al., 1988; Bronckers et al., 1987a,b; Ruch, 1985 Ruch, ,1987 MacDougall et al., 1985; Veis et al., 1984; Thesleff et al., 1979) . However, the mechanisms of the interplay between odontoblasts and the ECM of dentin that lead to the well-ordered and timely mineralization of predentin are poorly understood.
We have isolated and characterized a non-phosphorylated, sialic acid-rich glycoprotein from rat dentin with a molecular weight of about 53,000 (Butler et al.. 1981a (Butler et al.. .b.1991 , and manuscript submitted for publication). This dentin sialoprotein (DSP), formerly referred to as the 95 KD glycoprotein, is a major NCP of rat dentin with compositional similarity to the three known sialoproteins of bone, i.e., osteopontin (OPN), bone sialoprotein (BSP), and bone acidic glycoprotein-75 (BAG-75) (for reviews see Butler, 1991; Bronckers et al., 1989) . Utilizing affinity-purified polyclonal antibodies against DSP, immunohistochemical studies conducted in our laboratory have demonstrated antigenicity in odontoblasts and dentin matrix (D'Souza et al., 1991; Bronckers et al., 1989; Butler et al., 1989;  and manuscript submitted for publication). These data indicate that DSP is synthesized by odontoblasts and secreted into dentin matrix.
The present study was undertaken to advance our understanding of the physiological sigtllficance of DSP in dentinogenesis. Using immunohistochemical techniques and rat molar organs, we have studied the developmental appearance of DSP, its pattern of cellular expression, and its distribution in pre-dentin, dentin, and other tissues.
Materials and Methods
Tissue Preparation. Mandibles days of postnatal development were decalcified in acetic acidlformol saline (AFS; 4% formaldehyde in 0.85% NaCl + 10% acetic acid) (Mullink et al., 1985) , for 3-4 days to minimize extraction of antigens. All tissues were dehydrated through a graded series of ethanols. cleared in xylenes, and cmbedded in low meltingpoint paraffin (Tissue Prep; Fisher Scientific, Fair Lawn, NJ) . Serial sections at a thickness of 5-7 pm were prepared in a parasagittal plane and fixed on glass slides pre-coated with a 0.1% solution of poly-blysine in water ( M w 398; Sigma Chemical, St Louis, MO). Representative sections were stained with hcmotoxylin and eosin to identify the wious stages of odontogenesis in developing first and second molars, using the criteria described by Bhaskar (1990) . A spectrum oftissues that included developing tibia, muscle, liver, kidney, spleen, and brain were obtained from rat pups at Day 5 of postnatal development, fixed by immersion in Bouin's fixative, then processed as described above.
Antibodies to DSF! Highly purified DSP obtained from EDTAlguanidine-HC1 extracts of rat incisor dentin was used to raise polyclonal antibodies in rabbits as previously described (Butler et al., submitted for publication). To remove potentially contaminating antibodies to proteins also present in bone, antisera were sequentially passed over two affiity columns containing a mixture of high molecular weight bone proteins (fraction ES1) (Prince et al., 1987) and 60 Kla2HS-glycoprotein (Mizuno et al., 1991) , respectively. Unbound fractions were further purified by passage over an affinity column to which purified DSP was covalently attached. Affinitypurified antibodies thus obtained were shown on Western immunoblots to be exclusively immunoreactive with DSP in dentin extracts and showed no crossreactivity with any bone matrix proteins (Butler et al., 1989 ; and manuscript submitted for publication). The concentration of the undiluted affinity-purified antibodies was 60 pglml as determined by the Bio-Rad Protein Assay, using bovine IgG as a standard (Bio-Rad; Richmond, CA). The working concentrations of these affinity purified antibodies for use in tissue immunolocalization experiments were 30-60 pglml.
Immunohistochemicd Proccduns. The principal method of immunolocalization of DSP in developing tooth organs and other tissues utilized the affinity-purified antibodies to DSP and the indirect immunofluorescence method of detection. The results obtained with indirect immunofluorescence were compared to those obtained with the following three immunostaining methods: avidin-biotin-peroxidase ( Hsu et al., 1981) ; a streptavidin-biotin amplification system using alkaline phosphatase (Hsu and Flaine. 1984) ; and immunogold staining with silver enhancement (Holgate et al.. 1983) . Each of these methods differs with respect to sensitivity; a similar comparative evaluation has provided useful data on the developmental appearance of dentin Gla proteins (DGP) with respect to its intracytoplasmic staining in odontoblast cell bodies and processes and within dentin matrix (Bronckers et al., 1987b) .
More immunostaining, all sections were deparaffinized and rehydrated through a descending series of ethanol concentrations, in PBS (0.1 M sodium phosphate buffer, pH 7.4, containing 150 mM NaCI). Preliminary experiments indicated that immunostaining for DSP was significantly enhanced in sections treated with hyaluronidase (bovine testicular; Sigma). Hence, for all experiments described below, sections were pre-treated with 1 mglml hyaluronidase in 0.1 M sodium acetate buffer (pH 5.5) containing 0.15 M NaCI, for 30 min at 24%. Nonspecific binding was blocked by incubation with DMEM (Gibco Labs; Grand Island, NY) containing 5 % calf serum (Sigma) and 10% normal goat serum (Sigma) for 45 min at room temperature. Unless otherwise mentioned, each incubation step was followed by a thorough rinsing in PBS with 0.1% normal goat serum, and all procedures were carried out in a humidified chamber at 24'C. Control sections serial to those immunostained with anti-DSP were either treated with PBS alone or with non-immune rabbit IgG (30-60 pg/ml; Sigma). Positive controls were performed on a few sections using rabbit anti-mouse amelogenin IgG (27.5 pglml; gift of Dr. H.C. Slavkin, Univcrsity of Southern California, Los Angeles, CA) and rabbit anti-rat a2-HSglycoprotein (anti-60 K 1200) (Mizuno et al., 1991) . Sections were incubated with anti-rat DSP antibodies or control antibodies either for 60 min at room temperature or overnight at 4°C.
Indirect Immunofluoresancc (E) Method. Rinsed sections were reacted with FITC-conjugated goat anti-rabbit IgG (1:40; Vector Labs, Burlingame, CA), for 60 min at room temperature. After several rinses, first in PBS and then in deionized water, coverslips were mounted with buffered glycerol containingp-phenylenediamine to reduce fading during microscopy (AntiFade; Johnson and Nogueira Araujo, 1981) . Sections were examined with an Olympus BHTU light microscope using a BH2-RFL reflected light fluorescent attachment, and micrographs were taken with an Olympus model PMlOADSP photomicrographic system (Olympus Corporation; Lake Success, NY). Phase-contrast microscopy using an Olympus phase-contrast attachment, model BH2-PC, was utilized to study the cells and tissues that immunostained for DSP.
Avidin-Biotin Complex (ABC) Method.
Before digestion with hyaluronidase, sections were treated with 0.6% hydrogen peroxide in methanol for 30 min at room temperature to block endogenous peroxidase activity. After blocking of nonspecific protein binding and incubation with primary or control antibodies, sections were treated sequentially with biotinylated goat anti-rabbit IgG (75 pglml) and the avidin-enzyme complex (Vecta Elite; Vector). These treatments were followed by development in 0.5 mglml 3,3'-diaminobenzidinc (DAB Sigma) in 0.01 M TBS (0.01 M Tris-HC1 b a r , pH 8.0, with 0.15 M NaCI) containing 0.1% H202 for 2-5 min. After dchydration through an ascending series of ethanol concentrations and clearing through xylene, sections were counterstained with Harris's modified hematoxylin (Fisher Scientific; Orangeburg, NY).
Streptavidin-Alkaline Phosphatase (SAP) Method. Incubation with primary antibodies was followed by successive treatments with affinity-purifcd goat anti-rabbit IgG conjugated with amino-hexanoyl biotin (50 pl) and strcptavidin conjugated with alkaline phosphatase (1:20), each for 15 min at room temperature. The presence of enzyme was revealed by the addition of a submte-hromogen solution containing the endogenous alkaline phosphatase inhibitor, levamisole (50 pllml; Zymed Labs, San Francisco, CA), for 15 min at room temperam. All reagents were provided in the Histostain-SAP kit purchased from Zymed.
Immunogold Labeling with Silver Enhancement (GSS) Method. After rinsing in PBS to r e m m all unbound primary antibody, sections were incubated with goat anti-rabbit IgG conjugated to 5 nm gold particles (1:loO; Biocell Research Laboratories, Ted Pella, Redding, CA). After several rinses in deionized water to remove unbound gold particles, sections were fixed in 2% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4) for 15 min at room temperature. This procedure stabilizes the immune complexes during the silver enhancement procedure (Bronckers et al.. 1987b 
Results

Developmental Appearance of DSP in tbe Odontoblastic Cell Lineage
With indirect immunofluorescence. the earliest immunoreactivity for DSP was detected in young odontoblasts that are polarized and are associated with early pre-dentin matrix before the onset of mineralization, as seen in the first molar at the neonatal stage of development (Figures la, lb, 2, 13a, and 13b). Apical to this region, pre-odontoblasts, non-polarized cells of the dental papilla that are in direct contact with the basement membrane, were not immunostained for DSP (Figure 2 ). In the adjacent second molar at the early bell stage of development, pre-odontoblasts situated at the cusp tip were also negative (not shown). At Day 5 of postnatal development a variety of stages in odontoblast differentiation and matrix formation were examined in a single longitudinal section. With indirect immunofluorescence, DSP immunolocalized intensely within the layer of mature odontoblasts and in early pre-dentin matrix subjacent to the distal aspects of these matrix-secreting cells (Figures 3a, 3b, 13a , and l3b). Cytoplasmic extensions of odontoblast cell bodies that traverse pre-dentin were strongly immunoreactive with anti-DSP antibodies; in contrast, the surrounding organic mauix was not immunostained (Figurcs 3a, 3b, 4a, and 4b ).
Dhtribution of DSP in Undemineralized and Deminerahzed Dentin
Nearer the cusp tip of undemineralized sections of Day 5 first molars ( Figure 5 ), the zone of mineralization nearest enamel matrix showed diminished immunostaining for DSP, in contrast to the partially mineralized zone subjacent to pre-dentin, due to possible masking of antigenic epitopes by mineral. Furthermore, no immunoreactive DSP was seen within resting odontoblasts that appeared to have completed primary dentin formation ( Figure 5 ). In all undemineralized sections, intense immunostaining for DSP was consistently associated with odontoblastic processes, and in some instances the path ofthe immunoreactive processes could be traced to the dentino-cnamel junction where lateral and terminal branching was evident (Figures 4a, 4b , and 5). In sections of Day 11 molars that were demineralized in acid/formol saline, DSP immunolocalized to dentin matrix as well as within odontoblastic processes (Figures 6 and 7) . Furthermore, under identical experimental conditions DSP immunostaining in the tubular matrix of dentin was more intense in Bouin's-treated tissue when compared with formalin-fixed tissue.
Comparative Evaluation of Immunostaining Methods
Qualitatively similar results were obtained with all four immunostaining methods with respect to the cellular and tissue disuibution of DSF! However, the IF, SAP, and GSS methods consistently proved more sensitive than the ABC method for immunostaining within odontoblasts and dentin papilla/pulp. The conjugate-subSuate color reaction (SAP) and the silver enhancement of immunogold (GSS) labeling developed more rapidly and more intensely when compared with the DAELperoxidase reaction (ABC) ( Figures   13, 14a, 15, and 17a) . AH four methods revealed immunostaining in odontoblastic processes; however, staining was most intense with IF, SAP, and GSS methods (Figures 4a, 14a, 15, and 17a) . In mineralized matrix, these cytoplasmic extensions of odontoblasts were brightly fluorescent with the F I X conjugate, while the extracellular matrix appeared relatively less immunoreactive (Figures 3a, 3b , 4a, 4b, and 5). In comparison, the intertubular dentin matrix appeared moderately immunostained and contrasted well with the non-reactive matrix of enamel when SAP and GSS techniques were used (Figures 14a, 15 , and 17a).
Controls
In all experiments, serial sections stained with matching protein concentrations of normal rabbit IgG were negative (Figure 14b) . In contrast to the immunostaining with anti-DSP antibodies, antirat a2HS-glycoprotein antibodies stained only dentin matrix and not odontoblasts (Figures I6a and 16b) . Pre-ameloblasts (Figures la, Ib, 2, 13a, and 13b), secretory ameloblasts (Figures 3a, 3b, 4a , 4b, and 14a), and ameloblasts in the transitional or protective phase ( Figure 7) were not reactive with anti-DSP antibodies. Enamel matrix served as an additional internal control and consistently appeared negative at all stages of maturation (Figures 3a, 3b, 4a, 4b, 5 , 7, 8, 13c, 14a, and 15) . Immunohistochemistry performed with the anti-mouse amelogenin antibodies on serial sections showed positive immunostaining of secretory ameloblasts and enamel matrix (Figure 17b ).
Dental Papilla/Pulp Mesenchyme
An interesting aspect of our findings was the very intense immunostaining of pulpal cells and extracellular matrix at specific stages of development. In mature zones of the neonatal rat incisor, the dental pulp showed a strong reaction with the antibodies to DSP (Figure 8 ). Within the same sections the papilla mesenchyme of the less advanced first molar (Figures la and 2 ) and second molar (not shown) showed minimal immunoreactivity. As dentinogenesis progressed in molars at Day 5 of postnatal development, the same degree of intense immunostaining appeared within the pulp core (Figures 9, 14a, 15 , and 17a). This regionally specified pattem of immunostaining was also present in the loose mesenchymal bed separating the tooth organ from connective tissue of the jaw (Figure 10) .
A consistent finding observed in all four methods was the absence of immunostaining within the walls and lumina of blood vessels located both within the C O M C C~~V~ tissue ofthe dental papilla/ pulp, enamel organ, and the follicular apparatus (Figures 8 and 9 ). 
I
Peridental Tissues
In addition to tooth organs, we studied several tissues in serial sagittal, sections of rat maxillae and mandibles at the neonatal stage and at Days 5 and 11 of postnatal development. In both formalinand Boas-fiied sections, there was no immunostaining with anti-DSP antibodies in the dentin follicle (Figures 7 and l3b) , surrounding connective tissue mesenchyme (Figure 7) , oral mucosa, Meckel's cartilage, and minor salivary glands (not shown). This finding was consistent in sections treated with all four immunostaining methods.
At these stages of development, alveolar bone surrounding developing tooth organs showed no staining for DSP with IF (Figure 7) , ABC (Figure 13b) , and SAP labeling methods. When immunogold with silver enhancement (GSS) was used, however, weak immunostaining was observed in undemineralized sections of alveolar bone at the neonatal and fifth postnatal days of development. The intensity of this stain was slightly above the background level seen in non-immune rabbit IgG controls and was limited only to bone matrix and not bone cells (not shown).
Other Organs and Tissues
Our survey of non-dental organsltissues, fixed in Bouin's, included the cerebral cortex; medullary and cortical regions of kidney; hepatic lobules and portal triads of liver ( Figure 11) ; and red and white splenic pulp. No immunoreactivity with anti-DSP antibodies was observed using indirect immunofluorescence. Blood vessels in all these tissues showed a consistent absence ofimmunosmining for DSP.
In developing tibiae dissected from rat pups at the fifth day of postnatal development, there were no DSP-positive cells in zones of hypertrophied chondrocytes, ossification, and osteogenic marrow. However, large cells, morphologically resembling undifferentiated mesenchymal cells and located exclusively in the connective tissue sheath around muscle fascicles within the skeletal muscle surrounding long bone, were highly immunoreactive (Figures 12a and  12b ). Similar cells located within the cellular layers of periosteum were also immunostained (not shown).
Discussion
Using affiiity-purified antibodies and different immunohistochemical methods, we have demonstrated the presence of DSP at several stages of dentinogenesis in the developing rat molar.
The rat molar organ is a useful model to examine the localization of DSP at various stages in the differentiation of odontoblasts In this undemineralized tissue section, immunoreaction with DSP antibodies is stronger in the less mineralized area of dentin close to the pulp (p) than in the more mature zone subjacent to enamel (E). Note that resting odontoblasts and subjacent pre-dentin zone (arrow) are negative. Original magnification x 300. Bar = 50 pm. with Harris' hemotoxylin. DSP antibodies give positive immunoreactivity in dental pulp (P), odontoblasts (0), dentin (D), and odontoblastic processes within both predentin (PD) and dentin (D), whereas enamel (E) is negative. Original magnification x 380. Bar = 25 pm. and during the secretion and subsequent mineralization of predentin. On the basis of the following observations, our data indicate that DSP is developmentally expressed in cells committed to the odontoblastic lineage. Presumptive odontoblasts or pre-odontoblasts failed to immunolocalize DSP intracellularly (Figure 2 ). DSP first appeared in young odontoblasts before the onset of mineralization. Further into development, mature odontoblasts with cytoplasmic extensions em bedded'in the forming dentin continued to express DSP. Near the cusp tips of both undemineralized (Day 5 ) and demineralized (Day 11) first molars, resting odontoblasts, cells associated with a full thickness of dentin, appeared non-reactive with anti-DSP antibodies. Westem immunoblots indicated that these purified antibodies reacted exclusively with DSP in rat dentin extracts and did not recognize any proteins present in bone extracts (Butler, 1991;  and manuscript submitted for publication; Butler et al., 1989) . Consistent with these observations, immunohistochemical data obtained in the present studies showed the presence of DSP in dentin but not in alveolar bone or developing tibia. Evaluation of sections fixed either in Bouin's or formalin and treated with four different immunostaining methods (IF, ABC, SAP, and GSS) showed a consistent absence of staining for DSP in the enamel organ, pre-ameloblasts, secretory ameloblasts, and enamel matrix. Other tissues such as oral mucosa, Meckel's cartilage, and minor salivary glands showed no reactivity. The specificity of our immunohistochemical reactions with anti-DSP antibodies was also demonstrated by four controls. Staining was absent when anti-DSP IgG was replaced with PBS or non-immune rabbit IgG. Antibodies to a2HS-glycoprotein (Mizuno et al., 1991) confirmed that this protein is present in high amounts in alveolar bone and to a lesser degree in pre-dentin, dentin, and dental pulp. However, no immunostaining was detected in cells of the odontoblastic lineage. Figures 17a and 17b show that in contrast to anti-DSP IgG, rabbit antibodies to mouse amelogenin selectively stain secretory ameloblasts and enamel matrix. The presence of DSP immunoreactivity within the cell bodies of functional odontoblasts processes within pre-dentin and dentin suggests that DSP is synthesized by odontoblasts and secreted into dentin. Interestingly enough, occasional large cells, resembling undifferentiated mesenchymal cells and located within the connective tissue surrounding muscle fibers and developing long bone, showed intense immunostaining with anti-DSP. In this regard it is possible that anti-DSP antibodies recognize common epitopes on other antigens present in these cells at this stage of development. Future experiments will explore this phenomenon in more detail.
In parasagittal sections, dentinal tubules followed a curved path and in tangential sections dentinal tubules could be visualized in cross-section. Both these features facilitated a thorough viewing of DSP within odontoblastic processes. However, limited resolution at the light microscopic level prevented us from evaluating whether DSP was present in peritubular dentin. In immunolocalization studies performed on osteocalcin (dentin Gla-protein) only the highly sensitive ABC-GSS method revealed immunoreactivity for DGP in odontoblastic processes (Bronckers et al., 1987b) . In this study, all four immunostaining methods showed significant staining for DSP within processes, suggesting that the protein is present in high amounts and that antigenic preservation was optimized. It is also likely that the picric acid and acetic acid in Bouin's fixative extracted some mineral from dentin matrix during fixation, thus unmasking the antigen and optimizing immunostaining for DSP.
DSP immunolocalizes within the first layer of pre-dentin that is incorporated into mantle dentin (Figures la, 13a, and 13b) and, after the onset of mineralization, in the pre-dentin layer nearest the odontoblast layer (Figures 3a and 4a) . The fact that DSP is present in more significant amounts in early pre-dentin as compared with more mature pre-dentin suggests that the distal parts of the odontoblastic cell bodies may also be involved in the secretion of DSP, a phenomenon previously used to describe the pathway of collagen secretion by odontoblasts (Garant and Cho, 1985) . Another possible explanation is that in older pre-dentin denser aggregates of collagen fibrils might mask the antigenic epitope of DSP. The DSP also distributes differentially between the pre-dentin and calcified matrix in a manner similar to that reported for osteocalcin (Bronckers et al., 1987a (Bronckers et al., ,b, 1989 and dentin phosphophoDiMuzio and Veis, 1978; Weinstock and LeBlond, 1973) , or DSP is released from odontoblastic processes into both pre-dentin and dentin. In the latter instance it is reasonable to speculate that DSP immunoreactivity in dentin may be due to the ability of the protein to bind to hydroxyapatite, a hypothesis that presently remains untested.
An important finding in this developmental study was the intense immunostaining for DSP within cells and ECM of dental pulp. It appeared that the protein immunolocalized within this tissue during active phases of dentinogenesis and showed a regional specificity that was restricted to dental pulp and the tissues lining the base of the tooth organ. In comparison, surrounding jaw mesenchyme appeared negative. This distinctly characteristic appearance of DSP in dental pulp appeared after odontoblast terminal differentiation and was concurrent with pre-dentin formation but occurred before the onset of mineralization. The temporal-spatial pattern of expression of DSP in this tissue raises several important developmental issues. The dental papilla is derived from dental mesenchymal cells that originate from cranial neural crest. During the cap stage of development, the condensed dental mesenchyme diverges into two different pathways: the dental papilla that gives rise to odontoblasts, dentin and pulpal fibroblasts; and the dental follicle that houses progenitor cementoblasts, osteoblans, and periodontal ligament fibroblasts (Thesleff et al., 1990) . Several studies have focused on the morphological and functional characteristics of these terminally differentiated cell populations. However, limited information is available on the molecular changes that accompany determination and specification of cells in this lineage. Immunolocalization and tissue recombination studies by Thesldf et al. (1987 Thesldf et al. ( ,1988 Thesldf et al. ( ,1990 ) and by Vainio et al. (1989) suggest that tenascin, an ECM glycoprotein, and syndecan, a cell surface proteoglycan, may be involved in the determination of the dental pulp cell lineage. However, there are no tissue-specific markers known to characterize the dental papilla/pulp at this stage of odontogenesis. Our present data support the hypothesis that DSP may be an important marker of the dental papilla that signifies a molecular event during dentinogenesis. Immunoblot experiments are under way to rule out the possibility that our affinity-purified antibodies to DSP may recognize shared epitopes on other cell and matrix proteins present in dental pulp but not present in bone.
In the family of sialoproteins, DSP is unique to dentin but shares compositional similarity with three known bone sialoproteins: osteopontin, bone acidic glycoprotein-75, and bone sialoprotein (Butler et al., submitted for publication). A knowledge of the temporal and spatial expression of DSP during odontoblast differentiation, coupled with a knowledge of its biological activities and functions, is vital to our understanding of its role in dentinogenesis. Our present data indicate that DSP may be an important developmental and biochemical marker of odontoblasts that could be used in studies on the differentiation and identification of odontoblasts and their precursors.
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